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(Dated: December 8, 2018)
In a recent Brief Report, Zheng [S-B. Zheng, Phys. Rev. A 66, 014103 (2002)] has given a proof
of nonlocality without using inequalities for three spin-1/2 particles in the nonmaximally entangled
state |ψ1,2,3〉 = cos θ|+1〉|+2〉|+3〉 + i sin θ|−1〉|−2〉|−3〉. Here we show that Zheng’s proof is not
correct. Indeed it is the case that, for the experiment considered by Zheng, the only state that
admits a nonlocality proof without inequalities is the maximally entangled state.
PACS numbers: 03.65.Ud, 03.65.Ta
In Ref. [1], Zheng attempted to demonstrate quantum
nonlocality without using inequality for three spacelike
separated spin-1/2 particles in the nonmaximally entan-
gled state
|ψ1,2,3〉 = cos θ|+1〉|+2〉|+3〉+ i sin θ|−1〉|−2〉|−3〉, (1)
with 0 < θ < pi/4, and where |+i〉 and |−i〉 denote the
spin-up and -down states along the z axis for the ith par-
ticle (i = 1, 2, 3). Zheng’s argument for nonlocality is as
follows. Consider the physical, two-valued observablesEi
and Ui with corresponding operators Eˆi and Uˆi appear-
ing, respectively, in Eqs. (6) and (7) of the paper [1]. The
result of any measurement is labeled ±1. The relevant
quantum-mechanical predictions for the state (1) are
If E1 = 1, then U2U3 = −1, (2)
If E2 = 1, then U1U3 = −1, (3)
If E3 = 1, then U1U2 = −1. (4)
In addition to this, the probability of obtaining the result
E1 = E2 = E3 = 1 is not zero for the state (1). So con-
sider a run of measurements for which E1 = E2 = E3 = 1
is obtained. Now, from Eq. (2), and assuming local hid-
den variable theory, it follows that if U2 and U3 had been
measured in the same run of measurements one should
have obtained U2U3 = −1. Applying the EPR reality
criterion [2] to the system formed by particles 2 and 3,
one can thus assign an element of physical reality to the
product observable U2U3 with value −1. Similarly, from
Eqs. (3) and (4), and according to local hidden variable
theory, there must exist elements of reality for the prod-
uct observables U1U3 and U1U2, each having the value
−1. Thus the product of the values of these three ele-
ments of reality is
(U2U3)(U1U3)(U1U2) = −1. (5)
On the other hand, if one assumes that elements of reality
exist for the individual observables Ui, each having the
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value 1 or −1, then
(U2U3)(U1U3)(U1U2) = 1, (6)
in contradiction with Eq. (5). From this, Zheng deduces
the ”inconsistency hidden in the local hidden variable
theory”.
This conclusion, however, is not justified in the present
experimental situation since no element of physical real-
ity can be assigned to the individual observables Ui on
the basis of the EPR criterion. So, for example, the fact
that E1 = 1, does not provide us with any information
about the values of U2 and U3 separately, but only about
the value of the product observable U2U3 as a whole (see
Eq. (2)). Indeed, there is maximal uncertainty regarding
the measurement values of U2 and U3 when E1 = 1 is
obtained. Therefore the EPR reality criterion cannot be
invoked to assert the existence of elements of reality for
any of the Ui’s individually, and then there is no contra-
diction between the local hidden variable theory and the
relevant quantum-mechanical predictions for the experi-
ment in question. It is only when one introduces the ad
hoc assumption that elements of reality do exist for the
individual Ui’s that a contradiction arises.
In order to reveal the nonlocality of the state (1) it is
necessary to use a Bell-type inequality and the statisti-
cal predictions of quantum mechanics. The appropriate
Bell inequality for Zheng’s experiment is the one derived
by Mermin for N spin-1/2 particles and two alternative
dichotomic measurements per particle [3]. For three spin-
1/2 particles, Mermin’s inequality reads
|M| ≡ |〈E1E2E3〉 − 〈E1U2U3〉 − 〈U1E2U3〉
− 〈U1U2E3〉| ≤ 2. (7)
For the state (1), quantum mechanics predicts
MQM = sin
4 2θ − cos4 2θ + 3 sin2 2θ. (8)
Within the range 0 < θ < pi/4, inequality (7) is vi-
olated by the quantum prediction (8) provided that
θ > (arccos
√
2/5)/2 ≈ 25.38◦. It is important to note
that this result is consistent with the fact [4, 5] according
to which Mermin’s inequality (7) cannot be violated by
those states (1) for which θ ≤ 15◦. On the other hand,
2the maximal violation of the inequality (7) occurs for the
maximally entangled state, θ = pi/4. For this case we
have the perfect correlations, 〈E1E2E3〉 = −〈E1U2U3〉 =
−〈U1E2U3〉 = −〈U1U2E3〉 = 1.
We thus conclude that, for the experimental setup pro-
posed in Ref. [1], the class of states in Eq. (1) does not
admit a proof of nonlocality without inequalities. Only
when the state in Eq. (1) happens to be maximally entan-
gled it is possible to exhibit quantum nonlocality without
using inequalities, as shown in Refs. [6, 7].
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